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ABSTRACT

Objective: Understanding trends in blood pressure
(BP) in childhood is crucial to addressing and reducing
the burden of adulthood hypertension and associated
mortality in the future. In view of growing obesity in
Chinese children, we sought to investigate the trends in
BP and the influence of body mass index (BMI) on
them.

Design, setting and participants: We included
1010 153 children aged 8-17 years, with completed
records from a large national successive cross-sectional
survey, the Chinese National Survey on Students’
Constitution and Health, between 1985 and 2010.
Main outcome measurements: BP was measured
according to the recommendation of the National High
Blood Pressure Education Program Working Group, and
the elevated BP was based on sex-, age- and height-
specific 95th centile of the recommendation.

Results: The adjusted mean systolic BP in boys and
girls decreased by 3.9 and 5.6 mm Hg between 1985
and 2005, and increased by 1.3 and 1.0 mm Hg
between 2005 and 2010, respectively. Corresponding
adjusted prevalence of elevated systolic BP in boys and
girls declined from 5.1% and 5.5% to 3.5% and 2.5%
between 1985 and 2005, and increased to 4.9% and
3.5% in 2010, respectively. Adjusted mean BMI of boys
and girls in 2010 was 2.0 and 1.2 kg/m? higher than
those in 1985, respectively. The prevalence of obesity
rose from 0% to 3.4% in boys and 0.9% in girls.
Further adjusting for BMI did not change these trends in
systolic BP. A similar pattern was also observed in
diastolic BP.

Conclusions: After declining for 20 years, BP levels in
Chinese children started to climb upwards. These trends
in BP cannot be fully explained by BMI. The
investigation of other determinants of BP may provide
additional opportunity to curb the current upward BP
trend in Chinese children.

INTRODUCTION
Hypertension is one of the leading contribu-
tors to cardiovascular disease mortality,

Strengths and limitations of this study

= Successive national surveys between 1985 and
2010, with large population samples of Chinese
children, were investigated.

= The consistent stratified cluster sampling proced-
ure and methods of measurement could contrib-
ute to the comparability of the data of different
years.

= The prevalence of elevated blood pressure may
be overestimated by recording blood pressure
based on three measurements in a single visit.

m Some risk factors that were not measured in
these surveys may also contribute to the trends
in blood pressure.

causing more than seven million deaths each
year worldwide.' Although hypertension was
once considered to be a rare condition in
children,? it has become clear that elevated
blood pressure (BP) is a life course problem
that can become evident in childhood and
can be progressive throughout childhood
into adulthood.? Furthermore, children with
elevated BP also have an increased risk of
end-organ damage, such as ventricular hyper-
trophy and increased carotid intima-media
thickness.*

Because of the strong association between
obesity, defined according to body mass
index (BMI) levels, and elevated BP, the dra-
matic rise in the prevalence of obesity over
the past three decades is expected to lead to
a parallel rise in BP in children.” However,
studies in different countries demonstrated
that trends in childhood BP do not necessar-
ily parallel changes in BMI,"? and mean BP,
as well as prevalence of elevated BP, even
declined during a period when BMI was
increasing.'” "' Prevalence of obesity in
Chinese children has increased in the past
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30 years along with the rapid economic growth in the
Country.12 However, the secular trends in BP among
Chinese children remain unclear. One available study
based on a small sample reported the upward trends in
BP between 1991 and 2004."> However, that study did
not consider the secular increases in height when the
trends in BP were evaluated, and part of the observed
increase in BP over time might relate to a concomitant
increase in children’s height.'* '> A better understand-
ing of childhood BP trends and the impact of the
increasing BMI on BP trends may provide opportunities
to reduce the burden of adulthood hypertension and
associated mortality in the future.

On the basis of national surveys between 1985 and
2010 among more than one million school-age children,
we traced secular changes in BP, and further investigate
the potential contribution of BMI on BP trends in
Chinese children over the past three decades.

METHODS

Study design and subjects

Data were obtained from the 1985, 1995, 2000, 2005 and
2010 cycles of the Chinese National Survey on Students’
Constitution and Health (CNSSCH), a large national
successive cross-sectional survey designed to investigate
health status in Chinese school-age children. The sam-
pling procedures of CNSSCH have been published previ-
ously in detail.’? In brief, these surveys used the same
multistage sampling method to select students from
each of the mainland provinces. Each province was clas-
sified into two area groups (urban and rural) according
to residential regions, which were further classified into
sex- and age-specific subgroups. In each subgroup, equal
numbers of participants were selected from primary and
secondary schools. Thus, an equal size of sample was
obtained in each. To ensure the accuracy of the com-
parison among surveys conducted in different years, not
only were the participants drawn from the same urban
and rural areas, but more than 85% of the sample
schools remained the same in these surveys.

In this study, only participants of Han nationality were
included, who accounted for approximately 92% of the
total Chinese population, and all participants had lived
for at least 1 year in the local area. In addition, Tibet,
where Han ethnicity is in the minority, and Hainan and
Chongqing, which were set up after 1985, were excluded
in this study. Thus, only 28 provinces and municipalities
were included. Of 1016572 participants aged
8-17 years, we excluded 6419 participants (0.6%) with
missing data or extreme height, weight and BP values
(>5 SDs from the survey year; sex- and age-specific
mean). Thus, a total of 1 010 153 participants with com-
plete records on age, sex, height, weight and BPs, were
included in analyses. The distribution of sex, as well as
urban and rural area, was quite similar throughout the
surveys and approximately equalled 1:1 in each survey
year (see online supplementary table SI).

These surveys were conducted according to the guide-
lines laid down in the Declaration of Helsinki and
approved by six ministries of China, including the
Ministry of Education, General Administration of Sport,
Ministry of Health, State Ethnic Affairs Commission,
Ministry of Science and Technology, and Ministry
of Finance. Informed consent was obtained from
parents and from students. The project of analysing
the survey data was approved by the Medical Research
Ethics Committee of the University of Queensland
(#2011001199).

Measurements

Anthropometric measurements were performed accord-
ing to the same protocol at all survey sites.'” Students
were asked to wear light clothes only, and to stand
straight without shoes. Height was measured using a
wall-mounted stadiometer to the nearest 0.1 cm, and
weight was measured with a scale to the nearest 0.1 kg.
Both height and weight were measured twice, and the
mean values were recorded. BMI was calculated with the
value of weight divided by height squared (kg/ m?), and
was categorised as thin, normal weight, overweight or
obese, according to the sex- and age-specific references
suggested by Cole et al’® "7 Sex- and age-specific BMI
z-scores were calculated according to the Centers of
Disease Control and Prevention (CDC) growth charts.'®

BP was measured according to the recommendation
of the National High Blood Pressure Education Program
(NHBPEP) Working Group in Children and
Adolff:scents,19 using an auscultation mercury sphygmo-
manometer with an appropriate cuff for children. Cuff
sizes were selected according to the NHBPEP working
group, which stipulates that the cuff bladder width
should cover 50% to 75% of the mid-arm circumference.
BP was measured in the sitting position and on the right
arm after a rest of at least 5 min. Systolic BP was defined
as the onset of ‘tapping’ Korotkoff sounds, and diastolic
BP was defined as the fifth Korotkoff sound. An average
of three BP measurements at a single visit was calculated
for each child. Elevated systolic and diastolic BP was
defined as systolic and diastolic BP > the referent age-,
sex- and heightspecific 95th centile, respectively.19 Sex-
and age-specific percentiles of height were derived from
the CDC growth charts as suggested by the NHBPEP
working group.]8 ' BP was also converted into z-score
by using formulas suggested by the NHBPEP working
group.'” Since diastolic BP was defined by the fourth or
fifth Korotkoff sound based on age between 1985 and
1995, only the data between 2000 and 2010 were ana-
lysed for diastolic BP.

Throughout all surveys, the measurement instruments
were calibrated before use and all technicians were
required to pass the standard measurement test after a
rigorous 1 week training course. In each survey year, all
measurements were conducted by the same team of
technicians at each site.
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Statistical analysis
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and 2010, though the amplitude of the trends was
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Table 2 Trends in adjusted mean systolic BP, systolic BP z-score and prevalence of elevated systolic BP in Chinese
children aged 8-17 years between 1985 and 2010

Age group, Survey year

Outcome year n 1985 1995 2000 2005 2010

Adjusted systolic BP, mm Hg*

Boys 8-10 150791 100.7 (0.04) 98.2 (0.1) 98.8 (0.1) 97.1 (0.1) 98.5 (0.1)
11-13 151889 106.1 (0.05) 103.8 (0.1) 103.2 (0.1) 102.1 (0.1) 103.6 (0.1)
14-17 202802 114.9 (0.04) 112.6 (0.1) 111.1 (0.1) 110.5 (0.1) 111.6 (0.1)
Total 505482 107.9 (0.03) 105.7 (0.04) 105.1 (0.04) 104.0 (0.03) 105.4 (0.04)

Girls 8-10 151 017 100.9 (0.04) 97.9 (0.1) 97.9 (0.1) 95.7 (0.1) 97.2 (0.1)
11-13 151633 106.8 (0.05) 104.2 (0.1) 103.1 (0.1) 101.2 (0.1) 102.4 (0.1)
14-17 202021 110.6 (0.04) 107.6 (0.1) 105.8 (0.1) 104.8 (0.1) 105.2 (0.1)
Total 504 671 106.6 (0.02) 103.7 (0.03) 102.6 (0.03) 101.0 (0.03) 102.0 (0.03)

Adjusted systolic BP z-scoret

Boys 8-10 150 791 0.25 (0.004) —0.02 (0.006) 0.02 (0.006) —0.15(0.005)  —0.04 (0.006)
11-13 151 889 0.16 (0.004) —0.04 (0.006) —0.09 (0.006) —-0.19 (0.006)  —0.04 (0.006)
14-17 202 802 0.24 (0.004) 0.01 (0.005) —-0.14 (0.006) —0.21 (0.005) —0.11 (0.005)
Total 505 482 0.22 (0.002) —0.01 (0.003) -0.08 (0.003) -0.18 (0.003)  —0.07 (0.003)

Girls 8-10 151 017 0.22 (0.004)  -0.07 (0.006) —0.06 (0.006) —0.28 (0.005)  —0.13 (0.006)
11-13 151 633 0.24 (0.004) 0.01 (0.006) —0.09 (0.006) —0.27 (0.006) —0.15 (0.006)
14-17 202 021 0.16 (0.004)  —0.15 (0.005) —0.33 (0.005)  —-0.43 (0.005)  —0.40 (0.005)
Total 504 671 0.20 (0.002) —0.08 (0.003) —0.18 (0.003) —-0.34 (0.003) —0.25 (0.003)

Adjusted elevated systolic BP, %%

Boys 8-10 150 791 3.6 (0.1) 3.2 (0.1) 6 (0.1) 3.7 (0.1) 7 (0.1)
11-13 151 889 3.6 (0.1) 3.8 (0.1) 8 (0.1) 3.1 (0.1) 8 (0.1)
14-17 202 802 7.4 (0.1) 6.6 (0.1) 2 (0.1) 3.5 (0.1) 4 (0.1)
Total 505 482 5.1 (0.1) 4.7 (0.1) 2 (0.1) 3.5 (0.1) 9 (0.1)

Girls 8-10 151 017 4.2 (0.1) 3.5 (0.1) 4 (0.1) 3.4 (0.1) 2 (0.1)
11-13 151 633 5.8 (0.1) 4.6 (0.1) 3 (0.1) 2.6 (0.1) 7 (0.1)
14-17 202 021 6.2 (0.1) 4.2 (0.1) 5 (0.1) 1.7 (0.1) 1 (0.1)
Total 504 671 5.5 (0.1) 4.1 (0.1) 6 (0.1) 2.5(0.1) 5 (0.1)

*Data presented as mean (SE) of BP after adjusting for height, age, province and urban/rural area.

1Data presented as mean (SE) of BP z-score after adjusting for age, province and urban/rural area.

fData presented as percentage (SE) of children with elevated BP after adjusting for age, province and urban/rural area.
BP, blood pressure.

weaker than that of systolic BP (see online supplemen-
tary table S2).

As shown in table 3,
the consecutive 25-year periods in both sexes.

BMI increased markedly across

The

adjusted mean BMI in 2010 was increased by 2.1 and
1.8 kg/m?® in boys and girls, respectively, higher than
that in 1985. Meanwhile, the prevalence of overweight
and obesity in boys increased dramatically, rising from

Table 3 Trends in adjusted mean BMI, BMI z-score and BMI categories in Chinese children aged 8-17 years between 1985

and 2010
BMI category, %
Survey year Adjusted BMI, kg/m?* Adjusted BMI z-score* Thin Normal weight Overweight Obesity
Boys
1985 16.8 (0.01) —0.99 (0.003) 31.3 68.4 0.4 0.0
1995 17.4 (0.01) —0.73 (0.004) 24.8 70.9 4.0 0.4
2000 17.9 (0.01) —0.56 (0.004) 222 69.3 71 1.4
2005 18.4 (0.01) —0.35 (0.004) 18.9 68.7 10.1 2.3
2010 18.9 (0.01) —0.18 (0.004) 15.8  68.2 12.6 3.4
Girls
1985 17.1 (0.01) —0.81 (0.002) 34.2 65.2 0.7 0.0
1995 17.5 (0.01) —0.67 (0.003) 29.1 68.0 238 0.1
2000 17.8 (0.01) —0.57 (0.003) 271 67.9 4.6 0.4
2005 18.1 (0.01) —0.44 (0.003) 23.6 69.8 6.0 0.6
2010 18.4 (0.01) —0.33 (0.003) 20.7 70.8 7.6 0.9

*Data presented as mean (SE) after adjusting for age, province and urban/rural area.
BMI, body mass index.
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Adjusted mean systolic blood pressure in Chinese children aged 8-17 years between 1985 and 2010, before and after

controlling for BMI. BMI, body mass index; solid lines represent the mean systolic blood pressures adjusted for age, height,
province and urban/rural area; dashed lines represent the mean systolic blood pressures further adjusted for BMI and

BMI-by-survey year interaction.

0.4% to 12.6% in overweight and 0% to 3.4% in obesity.
Similar trends were also observed in girls, but to a lower
degree, rising from 0.7% to 7.6% in overweight and
0.0% to 0.9% in obesity.

Additional controlling for BMI did not substantially
alter the trends in BP over the five surveys in both sexes
(figure 1). This adjustment led to an increase in systolic
BP in 1985 and 1995, ranging from 0.1 to 0.7 mm Hg,
and a decrease in 2005 and 2010, ranging from —1.1 to
—0.2 mm Hg. In terms of trends in diastolic BP, the add-
itional adjustment of BMI resulted in a slight variation,
ranging from —0.2 to 0.2 mm Hg, depending on differ-
ent sex and age groups (see online supplementary
tables S3 and S4).

As presented in figure 2, in both sexes, systolic BP
was significantly positively associated with BMIL
Mirroring the trend in BP, the mean systolic BP tended
to be high in 1985 and 1995, and low in 2005, across
the BMI categories. Additionally, the strength (ie,
slope) of the association between systolic BP and BMI
varied slightly over 25 years. Survey year-by-BMI cat-
egory interaction was also investigated in different sex-
and age-specific models, with the coefficients ranging
from -3.65 to 2.5 mm Hg in boys and -7.52 to
2.88 mm Hg in girls, depending on various survey years

and BMI categories. The trends in mean diastolic BP
were similar to those in systolic BP (see online supple-
mentary tables S5 and S6). No survey year-by-BMI cat-
egory interaction term was significantly associated with
diastolic BP in boys, except obese boys in 2005, with
the coefficient of 1.44. Corresponding coefficients in
girls ranged from 0.18 to 3.48 mm Hg depending on
various survey years and BMI categories.

DISCUSSION

Despite the steady increase in BMI among Chinese chil-
dren, the BP levels did not parallel the changes in BMIL
Mean BPs and prevalence of elevated BP both declined
between 1985 and 2005, followed by an increase
between 2005 and 2010. Controlling for height, BMI
and other covariates did not change these trends in BP.
Additionally, a similar trend was also observed in various
sex and age groups. This rising BP trend in recent years
could have essential public health importance.

Chiolero et al'* reviewed the trends in childhood ele-
vated BP and found little evidence that BP has increased
during the past few decades, despite the concomitant
epidemic of obesity. Recent analyses of secular trends in
BP among children in different countries have
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Figure 2 Adjusted mean systolic blood pressure according to the body mass index category in Chinese children aged 8-
17 years between 1985 and 2010. Mean systolic blood pressures were adjusted for age, height, province, urban/rural area and

body mass index category-by-survey year interaction.

demonstrated that BP levels have either increased,” *
decreased'” '' or not obviously changed over the past
four decades.” The lack of controlling for height compli-
cates the interpretation of some results.'”” Because BP
relates strongly to height independently of age and
sex,19 the secular increases in children’s height are likely
to translate into partial increase in BP*! In this study, we
observed that the height-adjusted BP levels decreased
from 1985 to 2005, and increased between 2005 and
2010, despite the large rise in BMI and obesity.

Studies in the USA showed that childhood BP trends
were downward from 1963 to 1988, with the prevalence
of elevated BP declining markedly from 37.2% to 2.7%,
and upward to 3.7% in 1999 to 2002.” That study sug-
gested that a time lag of approximately 10 years may
exist between the rise in obesity and the rise in BP’
However, other studies demonstrated that BP rapidly
changes in response to weight change at the individual
level. For instance, a meta-analysis revealed that obesity
intervention significantly decreased BPs in 1 or 2 years.*
Our study, consistent with the findings in other popula-
tions,"" > also presented a quasilinear relationship
between BP and BMI categories, which argues against a
threshold in the relation between BMI and BP in
children.

Our study also found that further adjustment of BMI
cannot change BP trends. Previous studies evaluated
that only 12-44% of the change in BP trends could be
explained by the variation in BML? * #° Thus, BMI
alone may be unable to fully explain the trends in BP.
Other latent factors, including birth weight, sodium
intake, nutrition and physical activity, may help to
explain the BP trends. Although we did not obtain birth
weights in this study, mean birth weight has increased
over the last decades in China, which could relate to
improved maternal nutrition and favourable changes in
socioeconomic factors.?” ** Increasing birth weight may
have accounted for some of the downward trends in
BP?’ Another national survey in Chinese adults showed
that sodium intake decreased from 6.6 g/day in 1991 to
4.7¢/day in 2009.° Although it is still double the
amount recommended by the WHO and by the Food
and Agriculture Organization (FAO),”" a modest reduc-
tion in sodium intake may cause a fall in BP.*

However, several risk factors of hypertension, besides
obesity, also exist concurrently, which may contribute to
the important recent rise in BP levels. Zhai et al”® investi-
gated the change in dietary pattern among Chinese resi-
dents over the past three decades. That study found the
nutrition transition dominated by a high intake of fat
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and animal food. On the contrary, the energy expend-
iture declined by 42% and 28% in Chinese boys and
girls, respectively, between 1990 and 2005."* Only 9.4%
and 1.9% of urban Chinese boys and girls, respectively,
met the recommendation of 60min/day of
moderate-to-vigorous physical activity in 2011 and
2012.%* In addition to these hypertensive risk factors, the
recent downward trend in age of smoking initiation, as
well as age of puberty, may also have impact on BP levels
in Chinese children.* **®7 The mechanisms at stake
remain highly speculative. Since the recent increase in
BP levels was persistent even after adjustment of BMI,
our results suggested that studies on other determinants
of elevated BP, including dietary behaviour, physical
activity and smoking, are needed to provide further
evidence.

Furthermore, to investigate whether the inconsistent
trends in BP and BMI were related to the change of the
strength of the BMI to BP association, the survey
year-by-BMI category interaction terms were assessed in
this study. Although some studies suggested that the
association between BMI and BP is becoming weaker,” **
little evidence was found to support this possibility. The
survey year-by-BMI category interaction terms in our
regression models presented inconsistent slight differ-
ences in the relationship of BP to BMI categories, which
have also been reported elsewhere.® '

The strengths of this study include the fact that it
investigated the secular trends in BP in children based
on a large sample size across a 2b-year period.
Additionally, the consistent stratified cluster sampling
procedure and methods of systolic BP measurement con-
tributed to the comparability of the data of different
years. Our study also has some limitations. First, the BP
was based on three measurements in a single visit, which
may overestimate the BP levels,39 and multiple measure-
ments are needed to make a clinical diagnosis of hyper-
tension.? However, the same methods of BP, especially
systolic BP, measurement were employed over the entire
period, and this is unlikely to change the BP trends.
Second, there are limitations when using BP criteria
developed on American children.*” However, the trends
in mean BP and BP z-score were similar to those for ele-
vated BP. In addition, the effect of cluster sampling was
not taken into account in our analyses, because the
information of the cluster variable (school) in 1985 was
unavailable. Nonetheless, using the data between 1995
and 2010, taking multistage sampling into consideration,
only led to slight changes in the results, which did not
alter our conclusions. Furthermore, because only Han
students were analysed, our results may not be generalis-
able to other populations.

In this study, BMI was employed to indicate adiposity.
However, BMI is an indirect measure of overweight and
less useful in determining the pathophysiological associ-
ation with elevated BP*!' Other more direct measures,
including dual energy X-ray absorptiometry scan and
MRI, can provide more accuracy association between

obesity and BP. Moreover, some studies suggested that
the site of fat deposition, such as an ectopic location,
may have more important pathophysiological links to
elevated BP than quality of adiposity alone.*
Unfortunately, these measures are resource intensive
and cannot be determined from the design of our
survey with such a large sample size. Although not
perfect, a crucial relationship does exist between increas-
ing BMI and rising levels of BP in this group,” and
repeated measurements of BMI over time were helpful
to monitor the impact of obesity on elevated BP burden.

Finally, we cannot evaluate the latent influence of the
unmeasured variables in these surveys, including birth
weight, dietary behaviour and physical activity. However,
this limitation does not minimise the importance of this
study. Our study observed the recent increase in BP after
a long period of decline using the large national data in
Chinese school-age children for the first time. Because
this is the beginning of a rise in BP, strong action taken
now may prevent the progress of such a trend, and con-
tribute to the potential reduction in adulthood hyper-
tension and associated mortality in the future.

CONCLUSIONS

After declining for 20 years, BP levels in Chinese chil-
dren started to climb upward. These trends in BP were
inconsistent with the observation that BMI dramatically
rose across the 25 years. Also, adjustment of BMI cannot
change these BP trends. Our study indicated that there
have been large variations in factors, which have
counter-balanced the expected rise in BPs in recent
years. In view of the essentially detrimental conse-
quences of elevated BP in childhood on adulthood
health,” ** it is urgent to further investigate the secular
changes in other risk and preventive factors of elevated
BP to improve cardiovascular health outcomes in the
Chinese population.
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